OBJECTIVE: Translating lessons from clinical trials on the prevention or delay of type 2 diabetes to populations in nonstudy settings remains a challenge. The purpose of this paper is to review, from the perspective of practicing clinicians, available evidence on lifestyle interventions or medication to prevent or delay the onset of type 2 diabetes.
T ype 2 diabetes affects approximately 8% of U.S. adults. 1 The prevalence is rising among adults and youth, 2, 3 paralleling the dramatic increase in obesity. 4 Increased incidence of diabetes, especially among youth, portends a serious increase in early morbidity, health care costs, and lost productivity. Diabetes prevention has become a key target for clinicians, patients, and policymakers, as substantial evidence has accumulated that diabetes can be prevented or delayed in those at high risk. Presenting the results of the Diabetes Prevention Program (DPP) trial, Secretary of Health and Human Services Tommy Thompson declared, ''In view of the rapidly rising rates of obesity and diabetes in America, this good news couldn't come at a better time . . . . By promoting healthy lifestyles, we can improve the quality of life for all Americans, and reduce health care costs dramatically.'' 5 A working group from the American Diabetes Association and the National Institute of Diabetes and Digestive and Kidney Diseases published a cogent position statement regarding the scientific findings and health policy implications from diabetes prevention trials. 6 The current article provides practicing clinicians with a more detailed review of evidence regarding prevention of type 2 diabetes, insights into the components of successful interventions, and consideration as to which aspects of interventions are most adaptable for use in clinical practice.
METHODS
A MEDLINE literature search from 1980 to 2004 was performed to identify articles about prevention or delay of type 2 diabetes in adults. Key phrases included diabetes prevention, type 2 diabetes, lifestyle intervention, pharmacologic prevention, nutrition and exercise, and combinations thereof. References of relevant articles were searched as well. The inclusion criteria were clinical trials including an active intervention with longitudinal follow-up to decrease the onset of type 2 diabetes. Six reviewers agreed upon inclusion of the studies identified. Three prevention studies utilizing prophylactic medication and 4 utilizing lifestyle changes to prevent diabetes were identified. As lifestyle interventions proved more efficacious and have been recommended for first line use, 7 the main focus of this review is the 4 major studies that describe successful lifestyle interventions to prevent or delay the onset of diabetes.
Study Interventions and Outcomes
The design and outcomes of the 4 major lifestyle intervention studies are summarized in Table 1 . Studies ranged in size from 415 subjects (Malmö, Sweden, 1980s) 8 to 3,234 (DPP, each demonstrated a relative risk reduction of 58% through lifestyle change compared with placebo. Table 2 describes the design and outcomes of diabetes prevention trials using medication. The DPP 8 demonstrated a 31% reduction in diabetes risk in subjects receiving metformin, compared with placebo. The Study to Prevent NIDDM (STOP-NIDDM) 13, 14 was an international study of 1,429 overweight adults with impaired glucose tolerance (IGT), who were followed for an average of 3.3 years. Subjects were randomized to receive acarbose or placebo. Compared with placebo, subjects receiving acarbose were 25% less likely to develop diabetes. The Troglitazone in Prevention of Diabetes Study, 15 randomized 266 Hispanics with gestational diabetes to 400 mg of troglitazone daily or placebo. After a median follow-up of 30 months, the annual diabetes incidence was 12.1% with placebo and 5.4% in the drug arm, a risk reduction of over 50%. The DPP troglitazone study arm was terminated when a patient on troglitazone died from liver failure. In the DPP, the relative advantage of lifestyle intervention over metformin was greater in older subjects, those with lower baseline body mass index, and those with lower baseline fasting glucose. 9 Prophylactic medication clearly reduces diabetes risk; however, lifestyle changes are more effective overall and are recommended as first-line strategy. In sum, patients with multiple risk factors are logical targets Ã One study-specific physical activity unit =30 minutes of mild intensity (e.g., slow walking), or 20 minutes of moderate intensity (e.g., brisk walking), or 10 minutes of strenuous intensity (e.g., slow running), or 5 minutes of very strenuous intensity (e.g., jumping rope) exercise. IGT, impaired glucose tolerance; FPG, fasting plasma glucose; DM, type 2 diabetes mellitus; BMI, body mass index [weight in kilograms/(height in meters)
for diabetes prevention efforts, especially if risk is confirmed through finding of IFG.
What Preventive Strategies Should We Use to Decrease Diabetes Risk?
In the DPP, lifestyle changes were more effective than medication, and lifestyle changes do not involve exposure to medications and risk of side effects. This approach is embodied at the level of the general population in the Surgeon General's Call to Action 31 and the 2005 USDA Dietary Guidelines for Americans. 32 The studies reviewed here support directing intensive lifestyle intervention efforts toward those at highest risk based on clinical characteristics, IFG, and/or IGT.
What are the Components of Successful Diabetes Prevention Strategies?
These studies set goals for modest weight loss for overweight participants, and for increased physical activity of moderate intensity.The recommended dietary content was similar throughout these studies, comprising less than 25% to 30% of caloric intake from fat. The DPS additionally encouraged high fiber intake; the Da Qing study specified 55% to 60% of caloric intake from carbohydrates and 10% to 15% from protein.
The DPP and DPS set weight loss goals of 7% and 5% of body weight, respectively. 33 risk. Several cohort studies showed that diabetes risk was highest for sedentary individuals who ate a ''western diet'' (red meat, processed meats, French fries, high fat dairy products, refined grains, sweets, and desserts). 37, 38 Conversely, a ''prudent diet'' emphasizing fruits, vegetables, legumes, fish, and whole grains was associated with a lower risk. A number of prospective studies found diets high in whole grains or cereal fiber to be associated with a reduced risk for type 2 diabetes. [39] [40] [41] [42] While the ''glycemic index (GI)'' has gained popular attention recently, consistent evidence to support its use is lacking. The GI and its derivative, the glycemic load (GL), have been proposed as physiologic ways to categorize carbohydrates; foods are classified by how rapidly they are digested and absorbed compared with a standard food (commonly, glucose or white bread). A high GI characterizes readily digestible starch, refined grain products, and potatoes, while foods with a low/moderate GI include legumes, unprocessed grains, and nonstarchy fruits and vegetables. A few studies have shown increased diabetes risk in patients ingesting high GL; however, this finding has not been universal, and the clinical utility of the GI in diabetes prevention remains unproven. [43] [44] [45] [46] All 4 studies featured intensive interaction with staff and individualized counseling, with group sessions on a voluntary basis. Each of these studies emphasized behavioral contracting around self-derived goals. While investigators set diet and weight goals for the studies overall, participants used individualized counseling sessions to set their own goals. Cognizant of various stages of change, study staff helped individual participants tailor and modify goals progressively to achieve success. Participants documented their goals in concrete terms reinforced by behavioral contracting.
Patient empowerment and self-efficacy were further enhanced through promotion of self-monitoring through use of scales and measuring cups; subjects recorded their own diet and physical activity levels and maintained charts documenting their progress. These studies acknowledged the importance of family and social context in targeting diabetes prevention efforts. Spouses of study subjects were encouraged to participate in the individualized counseling sessions in the DPP, DPS, and Malmö studies. Fisher et al. 50 identified the family as the primary social context for the recognition, understanding, and management of diabetes and other chronic health conditions. Family is a key source of social supports and stresses, and interventions that target 1 member necessarily affect others. Therefore, these studies sought to engage family members whenever possible to optimize outcomes. These studies incorporated vigorous follow-up efforts, especially for subjects having less success. Subjects failing to meet initial goals were actively encouraged by staff. The DPP used computer monitoring to track program adherence and trigger actions for ''recovery'' of participants failing to reach goals. DPP staff used a stepped strategy to optimize outcomes, with a ''toolbox'' of problem-solving strategies valued at $100 annually per participant, including exercise tapes and classes, personal trainers, cookbooks, and other resources.
Provider profiling was utilized as a means for quality assurance at the systemic level. Each of the 27 DPP sites received monthly feedback on their performance in attaining weight and activity goals relative to other sites.
How Can a Busy Clinician Incorporate Practical Strategies to Promote Lifestyle Change into an Office Visit?
These trials utilized behavior change strategies in the context of ongoing relationships with trial staff. Similarly, brief behavior-change counseling strategies can be effectively incorporated into patient encounters in the office setting. 51, 52 Research on lifestyle change has shown that individuals progress through 5 sequential stages in making changes, and that different strategies are useful at various stages. [47] [48] [49] [53] [54] [55] Counseling messages individualized to the patient's readiness to change are more successful, while mismatched messages often lead to patient and clinician frustration. By recognizing that many patients are in the early stages of change, clinicians can modify their expectations and redefine success as helping patients move along the continuum of change rather than as reaching a desired final outcome.
Behavioral counseling to decrease diabetes risk can be guided by the Five A's model, which was adapted by the US-PFTF 56 from the National Cancer Institute's model for physician counseling of smokers, 57 and has been studied in a variety of brief primary care interventions. [58] [59] [60] The Five A's involve assessing the patient's lifestyle risk factors and read- iness to change, advising specific behavioral change, agreeing on behavior change goals, assisting the patient in acquiring information, skills, and confidence required to progress toward goals, and arranging follow-up. Asking patients nonjudgmentally about current diet and exercise behaviors, the physician can readily assess current practices, knowledge of risks, and readiness to change. Subsequent behavior change advice should be clear, strong, and personalized: ''As your doctor, I think it's important for you to change your diet and increase your physical activity so you can reduce your risk for developing diabetes in the next few years.'' Within the Five A's model, brief counseling approaches can be guided by the principles of motivational interviewing, 61 a patient-centered approach that elicits behavior change by helping patients address their ambivalence regarding recommended change. Brief versions of motivational interviewing developed for primary care settings emphasize building rapport, assessing patients' beliefs about the importance of behavior change, and their self-efficacy for change. 62 Counseling strategies for patients who do not believe that health behavior change is important include providing information, giving feedback, and exploring the patient's ambivalence. Counseling strategies for patients with low self-efficacy include reviewing prior successful change attempts, focusing on manageable steps, and enhancing problem-solving skills. The importance of arranging follow-up underscores the ongoing nature of behavior change and the role of the clinicianpatient relationship in supporting changes. Follow-up on progress within regularly scheduled clinic appointments is essential, but may not be sufficient. Additional follow-up with a dietitian, nurse, or behavioral expert may help some patients make and sustain meaningful health behavior changes. Examples of brief counseling interventions matched to stages of change are given in Table 5 .
What Specific Recommendations Should Practitioners Make Regarding Physical Activity?
To decrease the risk of developing diabetes, patients should engage in moderate-intensity physical activity most days of the week. The type of exercise must be tailored to the patient's ability and preferences. To increase sustainability, the patient should enjoy the activity and be willing to make it a priority. For most patients, brisk walking is an appropriate start; those with arthritis may prefer water-based exercise or nonweightbearing activities like bicycling. In addition, patients should be counseled to increase physical activity in daily routines, such as taking the stairs or parking farther away from buildings. Patients should accumulate at least 150 minutes/week of physical activity. Exercise should be of moderate intensity; patients may feel slightly out of breath and feel their heart beating more quickly, but they should not feel exhausted or unable to sustain the activity. Further counseling suggestions are given in Table 6 .
Should Persons with IFG Who Plan to Begin Exercising Undergo Exercise Stress Testing?
The American College of Cardiology/American Heart Association recommend testing asymptomatic individuals with multiple cardiac risk factors, or men over age 45 and women over age The overall goal for diabetes prevention is to reach and maintain an active, healthy weight with a tendency toward a hypocaloric diet. As summarized in Table 6 , evidence supports limiting total calories and fat (o25% of caloric intake) and increasing dietary fiber (20 to 30 g/day). Essential skills include understanding portion sizes and reading food labels. Involvement of a dietitian is optimal to assess dietary history, navigate challenges inherent in change, and prevent relapse.
Are Diabetes Prevention Efforts Cost-Effective?
The DPP Research Group conducted detailed cost-effective analyses from both the health system and societal perspectives. 64, 65 From a societal perspective, lifestyle and drug interventions cost $24,400 and $34,500, respectively, for each case of diabetes prevented or delayed within the 3-year time horizon of the study. These costs are well within the generally accepted range for preventive strategies, and would be relatively lower if benefits were to persist beyond the study period. Sensitivity analysis estimating societal costs for lifestyle and drug interventions as they might be implemented in clinical practice projected $13,200 and $14,300, respectively, per case prevented. Lifetime cost-utility analysis 65 projected costs per quality-adjusted life year of $1,100 and $8,800 for the lifestyle intervention from the health care and societal perspectives, respectively. Cost-effectiveness simulations for diabetes prevention are limited in that they are based on experience with research subjects, which may not generalize to the broader population, and such models are based on assumptions regarding long-term health outcomes. We do not yet have direct evidence from studies with long-term follow-up as to whether diabetes prevention efforts represent a cost-effective way to prevent or delay the clinically important complications of diabetes. 6 How Can Health Care Systems Help Prevent Diabetes?
Although we have focused on practitioners, health systems may have an important role in diabetes prevention. We lack data on system-based approaches to diabetes prevention, but a variety of such techniques improve outcomes for patients already diagnosed with diabetes. Examples include computerized reminders and provider feedback, 66 multidisciplinary teams providing patient education and follow-up, 66 self-management education in community settings, 67 disease management (organized, multicomponent approach to diabetes care), and case managers coordinating care. 67 Some of these approaches may be adaptable for diabetes prevention. Multidisciplinary care teams consisting of nurses, dietitians, and health educators may provide more intensive counseling and increase the contact that a patient has with the health care system. Printed materials or interactive computer programs in offices can reinforce counseling efforts. Telephone support can be brief and effective. Group classes may help selected patients. Public health interventions are also needed to create safe environments for exercise and promote healthy lifestyles in schools and workplaces. Future studies judging the effec- Take the stairs; park farther away; get off bus 1 stop early Previously inactive individuals should begin with short amounts of moderate-intensity exercise (for example, 10 min) and gradually increase the duration and/or intensity Goal-set with individual on preferred way to accrue 150 min weekly For example, 30 min of walking 5 d weekly or 50 min of walking 3 d weekly Make goals specific in time, amount, and activity Encourage self-monitoring of activity by keeping written records, using a pedometer, or using a heart rate monitor
Nutrition
Emphasize that total calories matter Goal of fat intake less than 25% of total calories; minimize intake of saturated fats and trans fats (red meat, deep fried foods, oils solid at room temperature) Encourage portion size awareness and reading food labels Increase dietary fiber to 20 to 30 g/d Diet should be high in whole grains, fruits and vegetables, beans, and nuts Goal-set with individual on preferred initial changes to diet For example, piece of fruit at lunch each day, or red meat no more than once a week Make goals specific in time, amount, and type Encourage self-monitoring by keeping food logs
Both
Encourage self-reward for meeting goals Enlist family members to help with goals if acceptable to patient Help patient to anticipate potential barriers to exercise and solutions to those barriers Let patient know that relapse is the norm; rather than being discouraged, encourage them to think about what led to the relapse and how to overcome that in the next try Arrange close follow-up tiveness of such interventions for diabetes prevention should focus on patient outcomes as well as process measures. 68 
CONCLUSIONS
Clinical trials have shown conclusively that diabetes can be prevented by lifestyle modification, at costs generally considered acceptable to society. Evidence from these trials suggests that clinicians should recommend behavior changes for asymptomatic patients at high risk for diabetes. High-risk patients can be identified through clinical characteristics augmented with judicious screening by fasting glucose. Although the diabetes prevention trials used intensive strategies for effecting lifestyle change, clinicians can translate key elements from those strategies into brief, office-based counseling on physical activity and dietary change.
Implementing diabetes prevention will require significant paradigm shifts for both patients and clinicians. Modest goals for weight loss and physical activity are appropriate; behavioral contracting and self-monitoring may enhance self-efficacy and outcomes for patients. We must educate clinicians in training and in practice about the potential benefits of diabetes prevention and strengthen training for behavioral change within medical education.
Diabetes prevention efforts need to be tailored for particular participants and settings. Despite implementation across very different cultures, however, these lifestyle prevention studies demonstrated remarkably consistent outcomes. Cultural adaptations for office-based counseling may be challenging in diverse communities; enlisting community resources may enhance these efforts.
Relationships and social context are key factors for diabetes prevention. In these trials, close coaching relationships with study staff facilitated lifestyle change by participants. Successful diabetes prevention efforts will likely require enlisting important family members, enhancing clinician-patient relationships, practice innovations facilitating feedback to clinicians and patient follow-up, and broader societal changes supporting healthy lifestyles in the context of schools, communities, and workplaces.
The rigorous cost-effectiveness analyses of the DPP provide a compelling case for increased insurance coverage of nutrition and physical activity interventions in persons at high risk for diabetes. Even in an era when patients switch insurance carriers every few years, savings may accrue rapidly through prevention or delay of diabetes. Less costly group intervention in clinical settings bears further investigation, and studies of the effects on complication rates are needed.
These diabetes prevention trials have shown dramatically how diabetes can be prevented or delayed through lifestyle changes. Many aspects of these prevention programs appear adaptable for use in clinical settings at present. Successfully implementing diabetes prevention on a large scale will require improved clinician-patient communications as well as innovative systems of care, making further translational research a priority. 
